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AbVWUacW

IQ WhiV SaSeU, Ze deVcUibe Whe BUPT-MCPRL AcWEV V\VWeP aQd eYalXaWiRQ UeVXlWV fRU
TRECVID 2020[1]. OXU SURSRVed V\VWeP fUaPeZRUk fRU AcWEV 2020 cRQViVWV Rf WhUee VWageV:
VSaWial acWiYiW\ lRcaWiRQ, acWiYiW\ WUackiQg, WePSRUal acWiYiW\ deWecWiRQ aQd claVVificaWiRQ.

Ɣ S_baVeline_4 : Whe baVeliQe Rf RXU PeWhRd. IQ WhiV VXbPiVViRQ, Ze XVe 3D-ReWiQaNeW aQd
3D-CaVcade-RCNN ZiWh FRcal LRVV WR geQeUaWe acWiYiW\ WXbeV, WheQ Ze XVe WUackiQg
algRUiWhP WR liQk Whe WXbeV aQd bXild efficieQW WePSRUal lRcali]aWiRQ V\VWePV WR deWecW
acWiYiWieV (acWiYiW\ iQVWaQceV).

Ɣ S_baVeline_12: UeSlace TPN ZiWh U(2+1)d aQd adjXVW Whe WhUeVhRld.

The UeVXlWV aUe VhRZQ iQ Table 1.

Table 1. IPSURYePeQW RQ Whe WeVW VeW

SYSTEM_NAME PATIAL AUDC

S_baVeliQe_4 0.625

S_baVeliQe_12 0.55515

1. IQWURdXcWiRQ

The AcWEV WaVk iV PRUe challeQgiQg WhaQ RQliQe cRQVXPeU YideR challeQgeV WaVk, aV iWV YideRV
Rf VIRAT daWaVeW aUe XQWUiPPed YideR VeTXeQceV, aQd WheUe Pa\ be PXlWiSle acWiYiWieV RU QR
acWiYiWieV iQ RQe YideR. MRUeRYeU, Whe acWiYiW\ Rf iQWeUeVW RQl\ accRXQWV fRU a VPall SaUW iQ Whe
VSace-WiPe dRPaiQ iQ VXUYeillaQce YideR, aQd PRVW Rf Zhich iV backgURXQd iQWeUfeUeQce. SR Whe
acWiYiW\ deWecWiRQ V\VWeP PXVW fiUVWl\ lRcaWe Whe VSecified acWiYiWieV iQ VSace-WiPe dRPaiQV aV
accXUaWel\ aV SRVVible, aQd WheQ cliS Whe caQdidaWe aUeaV fURP YideRV aQd claVVif\ WheP WR geW Whe
acWiYiW\ deWecWiRQ UeVXlWV. IQ AcWEV 2020 eYalXaWiRQ , Whe caWegRUieV Rf acWiYiWieV haYe iQcUeaVed WR
35, Zhich aUe PRUe cRPSle[ aQd diYeUVe. AQd iW bUiQgV abRXW PRUe difficXlWieV Rf WaVk UeVeaUch,
bXW alVR PakeV PRUe iQWeUeVWiQg.

IQ WhiV \eaU eYRlXWiRQ, RXU aSSURach haV alVR iQheUiWed Whe VRlXWiRQ Rf RXU WeaP aW AcWEV-PC
2019 challeQge[2], WhaW iV, Ze diYide Whe VSaWiRWePSRUal acWiYiW\ deWecWiRQ WaVk iQWR WhUee PRdXleV:



VSaWial acWiYiW\ lRcali]aWiRQ, acWiYiW\ WUackiQg, aQd WePSRUal acWiYiW\ deWecWiRQ. AQd Ze Pade
iPSURYePeQWV WR Whe SURblePV iQ UelaWed PRdXleV, iQclXdiQg:

(1) FRU VSaWial acWiYiW\ lRcaWiRQ, Ze deWecW Whe caQdidaWe aUeaV ZheUe acWiYiWieV Pa\ RccXU iQ a
VhRUW YideR cliS baVed RQ 3D-ReWiQaNeW WR iPSURYe Uecall aQd deWecW Whe acWiYiW\ Rf
SeUVRQ_WalkV_WR_SeUVRQ ZiWh 3D-CaVcade-RCNN WR iPSURYe accXUac\, iQVWead Rf
3D-FaVWeU-RCNN[2];

(2) FRU VSaWial acWiYiW\ lRcaWiRQ, Ze UaiVe NMS WhUeVhRld aSSURSUiaWel\ aQd XVe SRfW-NMS[3]
iQVWead Rf NMS;

(3) FRU acWiYiW\ claVVificaWiRQ Rf WePSRUal acWiYiW\ deWecWiRQ PRdXle, Whe iQSXW Rf claVVifieU
dReVQ¶W Wake Whe Za\ Rf WiPe-dRPaiQ aQchRU, bXW adRSWV Whe Za\ Rf fi[ed WiPe-dRPaiQ ZiQdRZ
iQVWead.

FigXUe1. The RYeUall VWUXcWXUe Rf RXU fUaPeZRUk

2. MeWhRd

OXU V\VWeP cRQViVWV Rf WhUee VWageV: VSaWial acWiYiW\ lRcali]aWiRQ, acWiYiW\ WUackiQg, aQd WePSRUal
acWiYiW\ deWecWiRQ, Zhich fUaPeZRUk iV illXVWUaWed ZiWh FigXUe 1. AccRUdiQg WR Whe chaUacWeUiVWicV
Rf acWiYiWieV, Ze diYide Whe acWiYiWieV Rf AcWEV 2020 iQWR fRXU gURXSV: SeUVRQ-ceQWeUed,
SeUVRQ-Yehicle, Yehicle-RQl\, SeUVRQ_WalkV_WR_SeUVRQ, aV VhRZQ iQ Table 1.

FiUVWl\, WR deWecW Whe fiUVW WhUee caWegRUieV VhRZQ iQ Table 2, Ze lRcaWe Whe SRVVible acWiYiW\
UegiRQV Rf each cliS aQd geW a claVVificaWiRQ Rf gURXSV fRU each UegiRQ baVed RQ 3D-ReWiQaNeW (We
UeSlace Whe backbRQe Rf 3D-FaVWeU-RCNN ZiWh ReWiQaNeW, VR Ze call iW 3D-ReWiQaNeW). AQd Ze
deWecW SeUVRQ_WalkV_WR_SeUVRQ acWiYiW\ ZiWh 3D-CaVcade-RCNN (We UeSlace Whe backbRQe Rf
3D-FaVWeU-RCNN ZiWh CaVcade-RCNN, VR Ze call iW 3D- CaVcade-RCNN). NRWabl\ Ze haYe a
WRWal Rf fRXU gURXSV Rf deWecWiRQ WaUgeWV. The iQSXW Rf WheVe deWecWRUV iQclXdeV 8 fUaPeV VaPSliQg
fURP Whe VeTXeQce Rf 32 fUaPeV.



Ne[W, acWiYiW\ SURSRValV Rf fRXU caWegRUieV deWecWed b\ fiUVW VWage aUe aVVRciaWed iQWR acWiYiW\
WUajecWRUieV WePSRUall\ ZiWh Whe HXQgaUiaQ algRUiWhP[4]. FiQall\, fRU a WUajecWRU\ Rf
SeUVRQ_WalkV_WR_SeUVRQ RbWaiQed b\ Whe abRYe VWageV, Ze diUecWl\ RXWSXW Whe WUajecWRU\ aV aQ
acWiYiW\ iQVWaQce. AQd U(2+1)d[5] PRdel aQd TPN[6] PRdel aUe XVed UeVSecWiYel\ WR VXbdiYide Whe
UeVW Rf Whe gURXSV. We RbVeUYed WhaW a WaUgeW XVXall\ caUUieV PXlWiSle acWiRQV, i.e. RQe SeUVRQ Pa\
caUUieV a bag Zhile ZalkiQg, VR Ze chaQge ViQgle-label acWiRQ SRViWiRQiQg WR PXlWi-label acWiRQ
SRViWiRQiQg iQ RXU PeWhRd.

Table 2. 35 acWiYiWieV aUe diYided iQWR 4 gURXSV

T\Se EYeQWV/AcWiYiWieV
PeUVRQ-ceQWeUed SeUVRQ_iQWeUacWV_RbjecW,SeUVRQ_SXllV_RbjecW,SeUVRQ_SXVhV_RbjecW,SeUVRQ_XVe

V_WRRl
SeUVRQ_UideV_bic\cle,SeUVRQ_VeWV_dRZQ_RbjecW,SeUVRQ_caUUieV_heaY\_RbjecW,
SeUVRQ_caUUieV_RbjecW,SeUVRQ_cURXcheV,SeUVRQ_geVWXUeV,SeUVRQ_UXQV,
SeUVRQ_ViWV,SeUVRQ_VWaQdV,SeUVRQ_ZalkV,SeUVRQ_WalkV_RQ_ShRQe,
SeUVRQ_We[WV_RQ_ShRQe

PeUVRQ-Vehicle SeUVRQ_clRVeV_faciliW\_RU_Yehicle_dRRU,SeUVRQ_e[iWV_faciliW\_RU_Yehicle,
SeUVRQ_clRVeV_WUXQk,SeUVRQ_eQWeUV_faciliW\_RU_Yehicle,SeUVRQ_lRadV_Yehicle,
SeUVRQ_RSeQV_WUXQk,SeUVRQ_RSeQV_faciliW\_RU_Yehicle_dRRU,
Yehicle_SickV_XS_SeUVRQ,SeUVRQ_XQlRadV_Yehicle

Vehicle-RQl\ Yehicle_VWaUWV,Yehicle_VWRSV,Yehicle_WXUQV_lefW,Yehicle_WXUQV_UighW,Yehicle_P
akeV_X_WXUQ,Yehicle_PRYeV

PeUVRQ-PeUVRQ SeUVRQ_WalkV_WR_SeUVRQ

3. SSaWial LRcali]aWiRQ

IQVSiUed b\ Whe VXcceVV iQ 3D-FaVWeU-RCNN, Ze adaSW ReWiQaNeW[7] aQd CaVcade-RCNN[8] iQWR
3D fRUP WR XWili]e VSaWiRWePSRUal feaWXUeV, Zhich caQ VigQificaQWl\ iPSURYe acWiYiW\ VSaWial
lRcali]aWiRQ SeUfRUPaQce cRPSaUed ZiWh ViQgle-fUaPe deWecWRU.

TR caSWXUe Whe VSaWiRWePSRUal iQfRUPaWiRQ iQ YideR, Ze UeSlace Whe 2D cRQYRlXWiRQ backbRQe Rf
ReWiQaNeW aQd CaVcade-RCNN ZiWh I3D [9]. FRcal lRVV iV RUigiQall\ SURSRVed WR VRlYe Whe
fRUegURXQd-backgURXQd claVV iPbalaQce iQ RQe-VWage deWecWRU, Zhich PakeV Whe deWecWRU SXWWiQg
PRUe fRcXVeV RQ haUd, PiVclaVVified e[aPSleV. SiQce FRcal lRVV fRcXVed WRR PXch RQ haUd VaPSleV澱
QRZ Ze e[WeQd Whe GHM[10] WR PXlWi-claVV caVe aQd XVe iW iQ Whe VecRQd VWage Rf RXU
3D-ReWiQaNeW, Zhich iV SURYed WR iPSURYe Whe Uecall a liWWle. BaVed RQ RbVeUYaWiRQV Rf Whe daWaVeW,
Ze UaiVe NMS WhUeVhRld aSSURSUiaWel\ aQd XVe SRfW-NMS iQVWead Rf NMS. We fRXQd WhaW Whe
RSeUaWiRQ WR UaiVe NMS WhUeVhRld iPSURYed Whe Uecall a lRW aQd a liWWle iPSURYePeQW fRU SUeciViRQ.
SiQce VSeakiQg eYeQWV aUe diUecW RXWSXWV fURP deWecWRU, Ze XVe 3D-CaVcade-RCNN iPSURYeV
accXUac\.

4. TUajecWRU ieV cRQQecWiRQ

We e[WeQd Whe WaVk Rf RbjecW bR[ WUackiQg WR acWiYiW\ WUajecWRUieV cRQQecWiRQ, Zhich caQ be



fRUPXlaWed aV a daWa aVVRciaWiRQ SURbleP. IQVSiUed b\[4], Whe HXQgaUiaQ algRUiWhP iV adRSWed WR
liQk adjaceQW cliSV.

5. AcWiYiW\ claVVificaWiRQ

GiYeQ acWiYiW\ WUajecWRUieV SURdXced b\ Whe SaVW VWeS, RXU Qe[W VWeS iV WR SeUfRUP acWiYiW\
fiQe-gUaiQed claVVificaWiRQ. We ePSlR\ diffeUeQW VWUaWegieV fRU each acWiYiW\ gURXS. WheQ Ze
WUaiQiQg RXU claVVificaWiRQ PRdelV, Ze VSliW Whe YideRV iQWR 32-fUaPe RU 64-fUaPe cliSV, WheQ Ze
e[WUacW 8 fUaPeV aV iQSXWV. AQd ZheQ WeVWiQg, Whe cliS¶V leQgWh iV VeW 32 fUaPeV, aQd iQSXWV alVR aUe
8 fUaPeV. AV Ze PeQWiRQed befRUe, RQe RbjecW Pa\ cRQWaiQ RQe PRUe acWiYiWieV, VR fRU Whe
SeUVRQ-ceQWeUed gURXS aQd Whe Yehicle-RQl\ gURXS, BCEWiWhLRgiWVLRVV iV chRVe aV claVVificaWiRQ
lRVV fXQcWiRQ, aQd RXU cliSV Pa\ iQclXde RQe PRUe labelV. TPN aV RQe Rf Whe beVW PRdelV Ze kQRZ
Rf iQ acWiRQ claVVificaWiRQ SeUfRUPV Zell iQ Whe SeUVRQ-ceQWeUed gURXS aQd Whe Yehicle-RQl\ gURXS.
HRZeYeU, Ze fRXQd Whe SeUVRQ-Yehicle gURXS ZiWh PRUe cRPSle[ acWiYiWieV, ZaV QRW PaWch TPN,
VR Ze ePSlR\ U(2+1)d PRdel. FRU U(2+1)d, Ze fRXQd RQe RbjecW RQl\ cRQWaiQV aQ acWiYiW\, VR Ze
chRRVe CURVVEQWURS\ LRVV aV claVVificaWiRQ lRVV fXQcWiRQ. AlVR fRU all gURXSV, Whe SURbleP Rf claVV
iPbalaQce iV VeUiRXVl\, WheQ Whe claVV Ue-balaQce VWUaWeg\ iV ePSlR\ed.

6. PRVW-SURceVViQg

DXUiQg Whe WeVW, fRU Whe WUajecWRUieV afWeU acWiYiW\ claVVificaWiRQ, fRU Whe SeUVRQ-Yehicle gURXS, Ze
aVVigQ RQe label WR each fUaPe, aQd fRU Whe SeUVRQ-ceQWeUed gURXS aQd Whe Yehicle-RQl\ gURXS,
aVVigQ RQe RU PRUe labelV WR each fUaPe. HRZeYeU, fRU backgURXQd fUaPeV, Ze diVcaUd. TheQ, Ze
diYide Whe WUajecWRUieV accRUdiQg WR Whe labelV, VR Ze geW VeYeUal WUajecWRUieV. Each WUajecWRU\ RQl\
cRUUeVSRQdV WR RQe label, aQd RXWSXWV aV RQe acWiYiW\ iQVWaQce.

7. CRQclXViRQ

IQ WhiV ZRUk, Ze SURSRVe aQ acWiYiW\ deWecWiRQ fUaPeZRUk baVed RQ deeS leaUQiQg. The UeVXlWV
VhRZ WhaW RXU SURSRVed fUaPeZRUk iV effecWiYe. FiUVW, VSaWial lRcali]aWiRQ fRcXVeV RQ deWeUPiQiQg
ZheUe eYeQWV RccXU aQd iPSURYiQg Uecall UaWeV Zhile eQVXUiQg accXUac\. SecRQd, WUajecWRUieV
cRQQecWiRQ fRcXVeV RQ TXickl\ aQd accXUaWel\ cRQQecWiQg Whe deWecWiRQ bR[eV iQ Whe SUeYiRXV VWage
WR SURYide lRQg WiPe WUackV fRU VXbVeTXeQW claVVificaWiRQ. LaVW, acWiYiW\ claVVificaWiRQ fRcXVeV RQ
accXUaWel\ claVVif\iQg all Whe acWiYiWieV RQ Whe WUajecWRUieV baVed RQ VhRUW cliSV.
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